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ABSTRACT Many biological and anthropological investigations have de-
scribed the role between mass-to-surface area index (M/SA) and heat toler-
ance. No large M/SA database exists that can be used as a reference standard
to interpret previous or future M/SA studies. This report presents the M/SA
data of a large military cohort (1,170 males aged 17-54 years, 305 females aged
17-40 years). The effects of gender, ethnic group, and age on the distribution of
M/SA, as well as the relationship between M/SA and other physical character-
istics, were described. It was observed that th increases of M/SA with
increasing age (over the 17-75 years category) were not significant. All
descriptive characteristics (including M/SA) were different (P < .001) between
males and females. MSA was not statistically different between ethnic groups
among both males and females. These data may be utilized to compare the
M/SA values of U.S. citizens to those of other ethnic groups and to identify
those laborers or athletes who possess the greatest theoretical risk of heat
intolerance.

Winslow and Gagge (1941) first reported 1963; Shapiro et al., 1980; Shvartz et al., 1973;
that a large man dissipated more heat than a Wagner et al., 1972; Wailgum and Paolone,
small man in a warm-humid environment 1984) investigations, which described the
(210C, 40-50% RH) because body size played role between M/SA and heat storage/
an important role in determining the magni- dissipation. These investigations were espe-
tude of radiant heat dissipation. One year cially relevant because hyperthermia 1) is a
later, Robinson (1942) expressed body mor- primary indicator of heat intolerance, 2) re-
phology in terms of body mass per square sults in reduced physical and mental perfor-
meter of skin surface area (M/SA), realizing mance independent of body hydration sta-
that the heat exchange process was multifac- tus, and 3) is the major danger to health
eted. Two male subjects ran or walked up a during heat stroke. In addition, several re-
grade on a motor-driven treadmill in a hot- searchers suggested that the calculation of
wet environment of 320C, 70% rh. The exer- M/SA provided a theoretical means to iden-
cise efficiencies of these two men were the tify individuals who were susceptible to heat
same, but the M/SA index of the large man injury (Austin and Ghesquiere, 1976; Ep-
(44 kg • m-2 ) was 20% greater than that of stein et al., 1983; Robinson, 1942; Shapiro
the small man (35 kg . m-2 ), and heat stor- et al., 1980; Wagner et al., 1972; Wailgum
age was strongly influenced by their M/SA and Paolone, 1984).
values. These two studies spawned many The anthropological relationship between
subsequent anthropological (Austin and human morphological variation and climate
Ghesquiere, 1976; Benoist, 1975; Hiernaux was first introduced by Schreider (1950). His
etal., 1975; Newman and Munro, 1955; data, which suggested ethnic group and gen-
Schreider, 1950; Wyndham, 1970) and bio- der effects of MYSA, resulted in noteworthy
logical (Austin and Lansing, 1986; Bar-Or
et al., 1969; Epstein et al., 1983; Fein et al.,
1975; Paolone et al., 1978; Piwonka et al., Received September 12. 1989; accepted February 26, 1990.
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research in recent years. These studies at- College of Sports Medicine and the local
tempted to support or challenge the hypoth- Human Use Review Committee.
esis that M/SA decreases as the mean annual The following values were incorporated
temperature of the environment increases. A into this data base: gender, ethnic group,
variety of ethnic groups were evaluated, in- height (H), body mass (M), percent body fat
cluding inhabitans of the United States (%BF), fat-free mass (FFM), maximal aero-
(Newman, and Munro, 1955), West-Central bic power, and 2-mile run time recorded as a
Africa (Hiernaux et al., 1975), Zaire (Austin part of the Army Physical Readiness Test.
and Ghesquiere, 1976), Israel, Europe, Standard statistical analyses were per-
North-Central Africa, and Asia (Benoist, formed by computer, using commercial sta-
1975). Although some of these studies sup- tistical software (BMDP, Los Angeles, CA).
ported Schreider's hypothesis, a series of The ethnic categories were based on those
laboratory studies by Wyndham (1970) suggested by Wallman and Hogdon (1977).
found ethnic factors to be unimportant. Due to relatively small sample sizes, ethnic

Clearly, further research must be con- groups other than white or black were com-
ducted to clarify the relationships between bined in the category called "other". Age
M/SA, biological, and anthropological fac- categories were chosen that would be both
tors. Unfortunately, it is difficult to compare physiologically meaningful and that would
and interpret previous studies because they encompass an adequate sample size. Any
have involved small samples. No large data- gender, age, or ethnic category with less than
base exists that can be used as a reference 29 subjects was eliminated from the data in
standard for MSA studies. Therefore, the Table 2 and Figures 1 and 2.
purpose of the current investigation was to Aerobic power was measured as maximal
provide a large database that can be used to oxygen uptake (V0 2 max) using a continuous
interpret the M/SA values of healthy sub- incremental treadmill test adjusted for sex,
jects, aged 17-54 years (males) and 17-40 age, and activity level. Subjects aged 17-34
years (females). This report presents data on years, and physically active subjects aged
a total of 1,475 (1,170 males, 305 females) 35-39 years, ran to exhaustion as the tread-
active duty personnel from a variety of units mill grade increased 2.5% every 3 min (max-
and assignments in the U.S. Army. The U.S. imum of 15%); treadmill speed was in-
Army is a suitable population for a compre- creased by 0.2 m • s-'every 3 min from the
hensive assessment of MSA because of its initial speeds of 2.6 m • s-I (males) and 2.2
broad representation of the national popula- m • s-' (females). Inactive subjects aged
tion as well as its accessibility. Because this 35-39 years, and all subjects aged 40-54
investigation utilized a large heterogeneous years, underwent trials which began at 1.5
sample, an analysis of the influences of gen- m • s-i and 0% grade; the treadmill grade
der, age, and ethnic group on M/SA is in- increased 2.5% every 3 min to a maximum of
cluded as well as the first normative descrip- 15%. If necessary, the test was then contin-
tion of those individuals who have the ued at 2.6 m • s - 1 and 0% grade, and the
greatest theoretical risk of hyperthermia grade increased 2.5% every 3 min.
and heat illness. During body composition measurements,

all subjects were measured by the same in-
MATERIALS AND METHODS vestigators, using the same techniques.

Anthropomorphic and physical fitness Body mass and height were measured on a
data were obtained from a sample of 1,475 platform balance (Sauter Inc., nearest 0.1
U.S. Army officers and noncomissioned of- kg) and by standing against a premeasured
ficers at Fort Hood, Texas, and Carlisle wall ruler (nearest 0.1 cm), respectively.
Barracks, Pennsylvania. Subject medical Body density and %BF were estimated using
records were reviewed, and a physical exam- a hydrostatic weighing procedure similar to
ination was administered prior to participa- that of Goldman and Buskirk (1961), as de-
tion in most cases. Those who were free of scribed by Fitzgerald et al. (1986). A desktop
significant disease or debilitating orthopedic computer (Hewlett-Packard, model 85) sam-
injuries were utilized for this investigation, pled underwater weight every 10-15 s, cal-
Informed voluntary consent was obtained culating body density according to the for-
from all subjects. Observations were con- mula of Buskirk (1961) and %BF according
ducted in accordance with the human exper- to the formula of Siri (1961). SA was calcu-
imentation policy statement of the American lated by using height and body mass values
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TABLE 1. Descriptive characteristics of all male and female subjects'

Males Females
Characteristic n Mean SD n Mean SD

Age (years) 1,170 30.2 8.8 305 24.0 5.0
H (cm) 1,165 175.1 6.9 303 162.4 6.4
M (kg) 1,165 76.8 11.3 303 59.9 8.0
SA (m2) 1,165 1.9 0.2 303 1.6 0.1
M/SA (kg" m -2) 1,165 39.8 2.9 303 36.5 2.4
%BF (%) 1,153 20.3 6.7 289 27.3 5.6
FFM (kg) 1,153 60.8 7.4 289 43.3 5.0
VO 2max (ml. kg' -•min -1 ) 780 47.644 6.170 265 39.257 4.469
VO 2max (liters • min- 1) 780 3.566 0.494 265 2.331 0.322
Two-mile run (min) 1,046 14.58 2.04 289 17.48 2.22

'All characteristics were significantly different (males vs.females) at the P < .001 confidence level.

I1

according to the formula of DuBois and Iso.
DuBois (1916). Both FFM and MISA were s.*
calculated and incorporated into the data Iso.
file. To compare MISA among subsamples, 145.
subjects were categorized by sex, age, and ao
ethnic group, and the 95% confidence limits 1ss,
(mean t 2 SD) were calculated. Descriptive 13o.
characteristics for all males and all females us.
were expressed separately, and in the follow- 12o-
ing three MISA subsamples: small (subjects 115
with M/SA smaller than - 2 SD of the mean), 11o.
large (subjects with MSA larger than + 2 SD 10s.
of the mean), and average (subjects with ioo-
M/SA within ±2 SD of the mean).

RESULTS U o.

Table 1 presents the descriptive character- Z ""
istics of the males and females who partici- O.-

pated in this study (all ages, all ethnic C )
groups). Portions of these results have been w
published elsewhere (Fitzgerald et al., 1986; go..
Vogel et al., 1986). Statistically significant . o
(P < .001) differences between males and
females existed in all characteristics pre- so
sented in Table 1. The 95% confidence limits 4s.

for male M/SA were 34.0-45.6 kg • m -2 and 4o.

were 31.7-41.3 kg • m -2 for female M/SA. a.
Figures 1 and 2 show the MISA distribu- SO.-

tion for all males and all females, respec- IS,
tively. The means (±SD) MISA for all males to'
and females were 39.8 ± 2.9 and 36.5 ± 2.4 is1
kg • m -2 , respectively. 1o.

Table 2 presents the mean (± SD) M/SA of .
males and females categorized by age and
ethnic group. The increases of M/SA with 1o a 24 362 640 42 4 4 so f
increasing age (over the 17-25 year age cat- M/SA (kg, m "2 )
egory) were not significant. M/SA was statis-
tical y similar between ethnic groups, at all Fig. 1. Frequency distribution of M/SA for all males
ages, in both males and females. However (n = 1165). The mean (-SD) M/SA value was 39.8 _ 2.9
black males (all ages) had a lower %BP kg .



324 L.E. ARMSTRONG ET AL

TABLE 2. M, SA (kg" rn 2) categorized by gender.
70 ethnic group, and age

6s Ethnic Age group M/SA

group (years) n Mean SD

60 Males
Black 17-25 116 38.9 2.5
Black 26-34 108 39.9 3.2

as Black 35-39 31 40.9 3.2
White 17-25 255 38.9 2.6

so White 26-34 149 40.4 3.0
White 35-39 76 41.0 3.3
White 40-49 227 40.6 2.2

45 Other' 17-25 57 38.3 3.0
Other' 26-34 71 39.9 3.0

40 Other 35-39 31 40.6 3.5
Females

>_ 35, Black 17-25 83 36.2 2.1
U Black 26-34 29 37.4 2.1
Z White 17-25 106 36.0 2.2
W 30 White 26-34 42 37.4 3.1

0Q 21 "Other"includes the followinggroups: Hispanic, Alaskan/Native
lw American, Asian/Pacific Islander

u& 20

15 ably increased from small to average to
large. However, large individuals were not

10 significantly older than small or average
individuals. It is also noteworthy that small

a males and females tended to have a higher
VO2max, expressed in ml • kg - ' • min-',
than large and average males and females,

3o 32 34 36 86 40 42 44 in spite of a lower VO2max expressed in
M/SA (kg-m'2) liters min -1 . Small males and females

also completed the 2 mile run in less time
Fig. 2. Frequency distribution of M/SA for all females than average and large.

(n = 303). The mean (-±SD) MISA value was 36.5 ± 2.4 DISCUSSIONkg • m -2 . Future research is required to clarify the
relationships between M!SA and hyperther-
mia, heat tolerance, environmental factors,
and anthropological factors. Most previous
M/SA studies (Table 5) involved small sam-
ple sizes, young adults, and subjects of un-
specified ethnic origin. It is clear that few
researchers have considered the effects of

(P < .001, not shown) and higher FFM age, gender, and ethnic group on M/SA or
(P < .001, not shown) than white or "other" have utilized normative data in their design.
males. In fact, several studies (Table 5) utilized

Tables 3 and 4 present descriptive charac- groups of subjects who had very similar
teristics of males and females in the follow- M/SA values (i.e., 33.4 vs. 35.5 39 5 vs. 40.7,
ing three groups: small (subjects with M/SA 35.7 vs. 38.7, 35.8 vs. 38.5 kig • m- 2). In
smaller than -2 SD of the mean), large (sub- addition, the studies summarized in Table 5
jects with M/SA larger than + 2 SD of the rarely focused on males and females who had
mean), and average (subjects with M/SA M/SA values outside our 95% confidence lim-
between -2 SD and +2 SD). In nearly every its. Out of the 32 mean M/SA values pre-
instance, the values for all characteristics of sented in Table 5, only one female and two
males and females (Tables 3 and 4) predict- male groups were less than -2 SD and only

i
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TABLE 3. Comparison of male descriptive characteristics of three M/SA subsamples:
small (n = 19), average (n = 1112), large (n = 34)1

Small Average Large
Characteristic Mean SD Mean SD Mean SD

Age (years) 28.9 9.0 30.4 9.0 31.7 7.5
H (cm) 170.1 6.0 175.1 6.9 179.4 6.9
M (kg) 53.6 3.9 76.3 9.8 106.8 8.8
SA (m2) 1.6 0.1 1.9 0.1 2.3 0.1
M/SA (kg • m- 2) 33.2 0.8 39.7 0.2 47.4 1.4
%BF (%) 16.2 5.5 20.1 6.5 30.2 4.7
FFM (kg) 44.9 4.7 60.7 6.6 74.5 8.4
VO 2max (ml. kg- min- 1) 50.049 5.595 47.912 6.018 38.360 2.548
VO 2max kliter • min-') 2.688 0.472 3.570 0.472 4.081 0.429
Two-mile run (min) 14.53 2.11 14.55 2.04 17.08 1.50

'Small, subjects with M/SA smaller than -2 SD of the mean; averagesubjects with M/SA within ± 2 SD of the mean; large, subjects with
M/SA larger than +2 SD of the mean.

TABLE 4. Comparison of female descriptive characteristics of three M/SA subsamples:

small (n = 8), average (n = 286), large (n 9)1

Small Average Large
Characteristic Mean SD Mean SD Mean SD

Age (years) 25.0 7.0 24.0 5.0 28.0 3.0
H (cm) 159.9 2.6 162.4 6.3 165.0 10.8
M (kg) 45.0 1.5 59.6 6.9 78.9 7.9
SA (m2) 1.4 0.3 1.6 0.1 1.9 0.2
M/SA (kg • m- 2) 31.4 0.6 36.4 2.0 42.3 0.6
%BF (%) 21.5 7.5 27.3 5.3 33.3 7.5
FFM (kg) 35.4 4.7 43.7 6.7 53.7 8.4
VO 2max (ml. kg - min- 1 ) 41.000 5.329 39.420 4.345 34.125 3.563
VO2max (liters • min- 1 ) 1.858 0.296 2.330 0.300 2.725 0.525
Two-mile run (min) 18.14 2.04 18.43 2.20 19.46 2.17
[Small, subjects with M/SA smaller than -2 SD of the mean; average, subjects with M/SA within ± 2 SD of the mean; large, subjects
with M/SA larger then +2 SD of the mean.

one female and one male group were greater experimental paradigms to test intraindi-
than +2 SD from the mean (Table 1). Only vidual differences in heat tolerance.
seven (one female, six male) of 32 groups Age, gender, and ethnic group effects
reported MISA that were above the gender-
appropriate mean of our sample (Fig. 1 and on MISA
2). This means that the subjects tested in Intuitively, one might .expect that M/SA
most previous studies were not those at would increase as age increases, but all
greatest theoretical risk of heat injury and males and females in Table 2 had similar
that future studies should focus on males M/SA values regardless of their age category.
and females who lie outside the 95% confi- The effect of ethnic group was also minimal.
dence limits defined in the current investiga- Males and females in these age categories
tion. Many studies have emphasized the in- (Table 2) had similar M/SA indices. Coin-
creased risk of hyperthermia and heat pared with males of other nationalities, the
illness in humans who have extremely low or current database indicated the following: 1)
extremely high M/SA indices and explain the African Bantu and Pygmoid males (Austin
purpose of Tables 3 and 4. The subsamples and Ghesquiere, 1976) and 69 other Africanlarge and small in Tables 3 and 4 represent samples (Hiernaux et al., 1975) had MISA
groups of humans who, theoretically, are at indices below the mean of U.S. males (Table
increased risk of incurring heat illness (see 1); 2) 60 Asian males (Benoist, 1975) fell
below). Comparison of the characteristics approximately - 1 SD from the mean of U.S.
listed in Tables 3 and 4, therefore, provides males; and 3) East European males (Benoist,
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TABLE 5. Summary of previous physiological investigations which evaluated M/SA as an index of heat tolerance

M/SA
n age (years) Ethnic (kg • -2)

Study Male Female (Mean ± SD) group (Mean ± SD) Notes

Armstrong et al. (1987a) 14 28.4 ± 7.1 White 40.4 ± 3.6
Austin and Ghesquire (1976) 10 Black 35.5 ± - African Bantu

10 - Black 33.4 ± - African pygmoid
Avellini et al. (1980) 4 24.0 ± 4.2 - 38.5 ± - Matched for VO 2max

with females
4 23.5 ± 1.9 - 35.8 ± - Matched for VO 2max

with males
Bar-or et al. (1969) 5 19.0 ± 1.2 - 45.9 ± 2.8 Obese

4 21.2 ± 1.0 - 34.0 ± 0.8 Lean
Epstein et al. (1983) 5 23.5 ± 8.3 - 40.5 ± - Heat stroke, heat

intolerant
9 20.5 ± 6.9 - 36.8 ± - Heat stroke, normal

tolerance
9 19.1 ± 3.9 - 36.7 ± - Healthy controls

Fein et al. (1975) 6 22.3 ± 2.5 - 36.5 ± 1.7 Students
6 21.1 ± 3.2 - 36.4 ± 2.8 Students

Haymes et al. (1974) 5 1G. - ± 0.9 - 28.4 ± - Lean, prepubertal
7 10.1 ± 0.8 - 32.6 ± - Obese, prepubertal

Miller and Blyth (1958) 14 23.8 ± - - 38.9 ± - Normal students
14 20.5 ± - - 50.1 ± - Obese students

Piwonka et al. (1963) 7 22.6 ± 1.1 - 38.7 ± 3.0 Untrained
5 21.2 ± 4.1 - 35.7 ± 0.8 Collegiate runners

Robinson (1942) 2 22-242 - 35-442
Shapiro et al. (1980) 9 22.0 ± 3.0 - 35.6 ± - Soldiers

10 21.1 ± 1.9 - 39.2 ± - Soldiers
Shvartz et al. (1973) 25 23.0 ± 3.5 White 38.6 ± -

8 22.0 ± 3.4 White 39.2 ± -
Shvartz et al. (1977) 7 19.7 ± 1.3 - 37.2 ± - Trained

7 21.3 ± 1.5 - 38.2 ± - Untrained
7 19.0 ± 0.6 - 37.6 ± - Unfit
5 20.4 ± 2.7 - 37.7 ± - Control subjects

Wailgum and Paolone (1984) 4 22.0 ± 0.8 - 45.5 ± - Football linemen
4 22.0 ± 2.6 - 41.7 ± - Football backs

Wagner et al. (1972) 10 20-292 - 39.5 ± - Young men
7 46-672 - 40.7 ± - Older men
5 11-142 - 30.7 ± - Prepubertal
5 15-162 - 34.4 ± - Postpubertal

'Information not available.2Range.

1975) averaged virtually the same M/SA as when matched for M/SA and VO max (Avel-
U.S. males in the present investigation. Dif- lini et al., 1980; Paolone et al., 198; Shapiro
ferences in heredity, nutrition, and activity, et al., 1980), there were no significant differ-
which affect %BF and FFM, probably ex- ences in HR or Tre between the sexes. The
plain these international M/SA differences. fact that the mean M/SA index of average

The effect of gender on M/SA index was females differed from average males (Tables
significant (Table 1), however. All female 3 and 4) by a minor amount (9.2%) suggests
characteristics were smaller (P < .001) than that MISA may not influence heat tolerance
those of males, except %BF and 2 mile run significantly in these two subsamples.
time, which were significantly larger Signifwane of stature
(P < .001). The smaller -/SA index of fe-
males previously has been reported as a The significance of extremely small stat-
beneficial factor in hot, humid environ- ure has been reported in previous studies
ments, evidenced by lower heart rate (HR) (Austin and Ghesquiere, 1976; Strydom,
and rectal temperature (T ) during exercise 1980; Wagner et al., 1972). Austin and Ghes-
than males (Avellini et al., 1980; Paolone quiere (1976) examined the impact of ex-
et al., 1978; Shapiro et al., 1980). However, tremely small stature (33.4 kg m 2) on

i
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heat tolerance in African Pygmoids. They extremely large (48.0 kg • m-2 ) compared
reported that HR and Te were significantly with 13 other males (mean 40.4 kg • m- )
higher in Pygmoids than in African Bantu who completed the heat acclimation regimen
males (35.5 g. m 2 ) and concluded that without difficulties. Other studies have ob-
this was due to their extremely small stature served that low cardiovascular physical fit-
rather than to differences in heat acclimati- ness, low exercise efficiency, high metabolic
zation or exercise capacity. Wagner et al. heat production, and low specific heat of
(1972) also focused on small body dimensions adipose tissue are critical factors in the onset
by evaluating prepubertal boys (30.7 of hyperthermia in obese individuals (Bar-
kg •m-). The authors concluded that these Or et al., 1969; Shvartz et al., 1973; Wailgum
boys were unable to regulate body tempera- and Paolone, 1984). Large males in the cur-
ture as well as postpubertal boys or men, rent investigation had a mean %BF of 30.2%,
because of their lower evaporative cooling compared to 20.1% and 16.2% for average
capacity (e.g., smaller M/SA and lower sweat and small, respectively (Table 3). This large
rate). Smallmales (Table 3) had aVO2max of %BF in large probably increased the tissue
2.688 liters m min' .This value is similar to weight that could not utilize oxygen for mus-
the data published by Strydom (1980), which cular contraction, reduced exercise effi-
reported the mean VO2max of 19 heat-intol- ciency, and had a negative motivational ef-
erant males as 2.42 liter • min 1 . Further- fect on the amount of habitual participation
more, Strydom described the impact of low in aerobic training (Vogel et al., 1986). Thus
body weight on the heat tolerance of miners, the heat tolerance of our large subsample
Unacclimatized men with body mass of less was theoretically less than average (Tables 3
than 50 kg (n = 23) were at greater risk of and 4) because of their extremely large
developing heat stroke than unacclimatized stature.
men of normal body mass. This 50 kg body In conclusion, the salient applications of
mass was similar to that of small males in the current investigation are as follows.
the current investigation (53.6 kg, Table 3). First, normative M/SA data have been pre-
Thus the heat tolerance of our small subsam- sented by which previous and future studies
ple was theoretically less than average be- may be interpreted. These normative data
cause of their extremely small stature. are valuable because some previous studies

The significance of extremely large stat- have attributed intergroup heat tolerance
ure has been supported by a variety of previ- differences to M/SA differences when be-
ous studies (Armstrong et al., 1988; Bar-Or tween-group MISA differences were small
et al., 1969; Miller and Blyth, 1958; Schick- (Austin and Ghesquiere, 1976; Avellini et al.,
ele, 1947; Shvartz et al., 1973). Wailgum and 1980; Epstein et al., 1983; Haymes, 1984;
Paolone (1984) investigated football linemen Piwonka et al., 1963) and did not include
who had large MISA indices (45.5 kg •m 2). subjects who were theoretically likely to be
These males were found to be at greater risk heat intolerant (e.g., MISA values outside
of hyperthermia than football backs (41.7 the 95% confidence limits of subjects in the
kg • m-), particularly while wearing uni- current investigation) (Bar-Or et al., 1969;
forms in humid environments. Miller and Epstein et al., 1983; Shvartz et al., 1973;
Blyth (1958) tested the heat tolerance of 14 Wailgum and Paolone, 1984). These norma-
obese males (50.1 kg • m-2 ), whereas Bar- tive data also may be utilized to compare
Or et al. (1969) tested five obese females M/SA values of U.S. citizens with those of
(45.9 kg. m-2 ). Both research teams con- other ethnic groups. Second, the males and
cluded that obese subjects exhibited inferior females who have the greatest theoretical
performance because of slower dissipation of risk of heat intolerance (Armstrong et al.,
stored heat, resulting from their high M/SA 1988; Austin and Ghesquiere, 1976; Bar-Or
index. Schickele (1947) reported that heat et al., 1969; Miller andBlyth 1958; Schick-
stroke was more likely to lead to death in ele, 1947; Shvartz et al., 1973; Strydom
patients with large M/SA indices. Also, a 1980; Wagner et al 1972; Wailgum and
recent case report (Armstrong et al., 1988) Paolone, 1984) have been described. Those
monitored a 32-year-old male (180 cm humans whose M/SA approximates the
height, 110.47 kg body mass) who exhibited small or large subsamples (Tables 3 and 4)
heat intolerance (days 5-8) and heat exhaus- may now be identified in groups of athletes,
tion (day 8) during an 8 day heat acclimation laborers, or soldiers. If future research veri-
study. The M/SA index of this subject was fies that small and large subsamples have
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reduced heat tolerance, these males and the approximate surface area if height and weight are
females may be eliminated objectively, or known. Arch. Intern. Med. 17:863-871.
monitored closely, when performing tasks Epstein Y, Shapiro Y, and Brill S (1.983) Role of surface

area-to-mass ratio and work efficiency in heat toler-that involve strenuous exercise and either ance. J. Appl. Physiol. 54:831-836.
hot-humid environments or impermeable Fein JT, Haymes EM, and Buskirk ER (1975) Effects of
clothing. daily and intermittent exposures on heat acclimation

of women. Int. J. Biometerol. 19:41-52.
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